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The non-gastric H/K-ATPase (ngHKA) is the closest relative to the Na/K-
ATPase (NKA). Its catalytic subunit associates with the NKA b1 subunit to
form a functional, ouabain-sensitive HKA. To study ion binding and unbind-
ing reactions in ngHKA, we measured 86Rb uptake and ouabain-sensitive
(20 mM) currents under two-electrode voltage clamp in Naþ-loaded Xenopus
oocytes. Although HKA transports ions in an electroneutral fashion, HKA
injected oocytes presented clamp speed-limited ouabain-sensitive charge
movement in response to pulses between 180 to þ40 mV from 50 mV
in 125 mM external N-methyl D-glucamine (NMG). The charge-voltage curve
did not saturate at extreme voltages at pH 7.6, but saturated at negative volt-
ages at pH 5.0. The charge moved by a pulse from 50 to 180 mV was
1.29 5 0.15 nC at pH 7.6 and 0.35 5 0.08 nC at pH 5.0. This charge was
absent in uninjected oocytes (60 5 23 pC). External Kþ abolished charge
movement with mildly voltage-dependent K0.5 (~ 0.15 mM at 180 mV),
while the charge moved in the presence of Naþ at pH 7.6 presented nearly
identical saturation at negative voltages as NMG at pH 5.0. This demonstrates
the existence of mildly voltage-dependent transitions in ngHKAs which, like
the charge movement in NKA, are inhibited by the external presence of the
imported ion (Kþ) and modified by high concentrations of the exported
ions (Naþ or Hþ, respectively). To further address the ion binding reactions
and their selectivity, we mutated K793A in the catalytic subunit to make
the pump electrogenic. As expected, this mutant concomitantly displayed
86Rb uptake and Rbþ-induced steady-state outward currents as well as altered
transient charge movement. Unexpectedly, K793A largely reduced the pump’s
affinity for Kþo. Supported by NSF-MCB-1243842 & NIH-NS081570-01, to
PA; GM 061583 to CGEmerging Techniques and Approaches
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Interstitial edema forms during myocardial infarction and is associated with
poor clinical outcomes. To clarify tissue responses to excess fluid, we studied
structure and function in ischemic (at-risk, AR) and nonischemic (not-at-risk,
NAR) myocardial regions of injured pig hearts. Myocardial ischemia-
reperfusion injury was induced as described (Argenta et al. 2010) using pro-
tocols approved by the institutional animal use committee. Colloidosmotic
stress, MRI including diffusion tensor analyses and histology were used to
determine the extent of edema from changes in (a) hydration parameters,
(b) water molecules’ freedom of motion (T2), and (c) tissue structure.
Comparing AR to NAR, T2 values were 4455 and 3552 ms (n ¼ 16,
1mm-thick slices from 4 animals ); the apparent diffusion coefficients were
1.2050.07 and 1.0150.04 mm2/s, respectively. Fractional anisotropy was
0.29250.046 vs 0.42550.053. Diffusion-tensor eigenvalues representing
flux in directions normal to myocardial fibers increased in AR. All differences
were significant (p-values < 0.0001 in ANOVA and Fisher’s post-hoc least
significant difference tests). Qualitative histological examination of tissue
sectioned perpendicular to the fibers showed markedly enlarged interlaminar
spaces in AR regions. Equilibrium and dynamic hydration parameters
measured by colloidosmotic titrations (McGee et al., 2012) also differed
between regions; fluid efflux was faster, and hydration potential lower in
AR than NAR regions, while hydraulic conductance was similar. These
findings suggest that flow-resistance scales with interstitial fluid-transfer
surface, together with diffusion-tensor results presented here, are consistent
with increased local pressure gradients driving fluid in the edematous myocar-
dial interstitial matrix. Functionally, these changes suggest that in vivo inter-
stitial water transfers from flooded, nonbeating myocardia toward healthier,
better drained regions, limiting local edema and improving transcapillary
exchange.737-Pos Board B517
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Optogenetics-based therapy has been proposed as an exciting new alternative to
terminating ventricular fibrillation (VF) with electric shocks, but its feasibility
has not been assessed. Namely, it is unclear howmuch illumination is needed to
extinguish VF via light sensitive proteins (opsins) expressed in vivo. Moreover,
since optical penetration depth is wavelength dependent, it is unknown to what
extent the wavelength of stimulating light (determined by opsin spectral sensi-
tivity) limits the ability to elicit VF-terminating excitations deep in the tissue.
Here, we use computational modeling to determine whether optogenetics-based
defibrillation is feasible for illumination stimuli with different wavelengths and
configurations.
We conducted electrophysiological simulations in anMRI-based humanventric-
ularmodel. Photosensitization via gene delivery (uniform spatial distribution) of
blue light-sensitive Channelrhodopsin-2 (ChR2) was simulated; we also simu-
lated a red light-sensitive variant (ChR2-RED), since engineering such ‘‘red-
shifted’’ opsins is the aim of ongoing research.We examined how light stimulus
characteristics affected defibrillation efficacy by simulating illumination with
318, 636, 1275 or 2550 LEDs (10mW/mm2 optical power, 1mm radius), evenly
distributed on the endocardial and epicardial surfaces. For each case, we induced
VF and then attempted defibrillation via one 25ms-long light stimulus.
Illumination with R1275 red LEDs (input energy: 20.8J) successfully termi-
nated VF in models with ChR2-RED; defibrillation failed for all simulations
with ChR2. Activation of ventricular tissue to render the excitable gap refrac-
tory was the mechanism of optical defibrillation; red light was more penetrating
than blue light, resulting in more new activations (z197% more light-induced
activations for 1275 LEDs with ChR2-RED vs. ChR2) deeper in the tissue
(1.9251.46mm vs. 1.1751.02mm).
Our results indicate that achieving robust expression of rapidly activating red
light-sensitive opsins in cardiomyocytes would be a major step towards making
optogenetics-based defibrillation a feasible alternative to electrotherapy.
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Lauren E. Boucher1,2, Daisy D. Colon Lopez1,3, Alexia S. Miller1,3,
Serge M. Stamm3,4, Ju¨rgen Bosch1,3.
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Obligate intracellular parasites from the genus Plasmodium are the agents
responsible for malaria, placing an estimated 3.4 billion people at risk of the
disease throughout the world (World Malaria Report 2013, WHO). Five species
of Plasmodium parasites cause human malaria, yet the largest impacts to public
health are primarily caused by Plasmodium falciparum in sub-Saharan Africa
(Snow et al. 2005). The emergence of drug-resistant malaria parasites has
created a critical need for the discovery of novel reagents towards unexplored
aspects of malaria biology.
Protein-protein interactions (PPI) are necessary for any given organism to fulfill
its diverse functions. These interactions have co-evolved to optimally meet
certain requirements such as selectivity or specificity with varying degrees.
Some promiscuous proteins interact with many partner molecules and may
be more difficult to target by a small molecule intervention strategy. We
have focused our attention on a few selected essential proteins from Plasmo-
dium parasites and developed methods and assays to identify PPI inhibitors
as well as stabilizers, which interfere with their normal function.
Primary hits are identified using surface plasmon resonance and validated by
one or more orthogonal methods such as thermal stability assay, enzyme assay,
co-crystallization and in vitro parasite validation (Hain 2012, Hain 2014).
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Resolved Second-Harmonic Scattering and Fluorescence Microscopy
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Propidium iodide (PI), a hydrophobic cationic dye containing two distinct
charge centers, is an indicator stain capable of assessing the viability of
Sunday, February 8, 2015 149abacteria. Specifically, PI is known to exhibit a fluorescence enhancement upon
intercalation with DNA. Given that bacterial DNA is found exclusively within
the cytosol, such an interaction is feasible only if PI is able to diffuse across the
cytoplasmic membrane (CM). Subsequently, as dead bacteria exhibit a
breakdown-induced permeability enhancement of the CM (i.e., allowing uptake
of PI), fluorescence imaging following incubation with low concentrations of
PI (ca. < 4 mM) is a convenient means of deducing cell colony mortality rates
following an applied stimulus (e.g., antimicrobial treatment). Our group has
previously demonstrated real-time measurements of molecular uptake and
membrane-specific transport in living cells using second-harmonic light scat-
tering and optical transmission microscopy (1,2). In the current work, we
extend this methodology in combination with time-resolved fluorescence imag-
ing to quantify the concentration dependence on the uptake of PI into living
E. coli. Results indicate that at low concentrations (ca. <100 mM) PI readily
traverses the porin protein transport channels of the outer membrane, but is
unable to cross the CM. However, as the concentration increases, PI is shown
to penetrate into the cytosol. There appears to be a concentration threshold
whereby PI crosses the CM. The transport kinetics and mechanism will be
discussed.
1. Zeng, J., et al., (2013) Biophys. J., 104:139-145.
2. Wilhelm, M.J., et al., (2014) Chem. Phys. Lett., 605-606:158-163.
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In cell-bioprocessing, the central metabolism is shunted towards the production
of specific macromolecules. Through novel metabolic engineering strategies,
this bioprocessing paradigm has found widespread applications in disease ther-
apy and the production of organic compounds. Due to the large copy-numbers
of products and metabolites, bioprocessing has traditionally been considered a
low-noise, deterministic process. However, recent findings are challenging this
view, suggesting that metabolism is subject to stochastic variability and switch-
ing [1, 2].
We will present our recent investigations in bioprocessing at the single cell
level. Our approach is based on microfluidic isolation and immobilization of
individuals from a cell culture under controlled environmental conditions
[3, 4]. We focus on the lipogenesis of the yeast Yarrowia Lipolytica. Vesicle
Photonics enabled intracellular lipid trafficking with minimal effect on cell
physiology over many cell cycles [5]. Under such conditions, we mapped
bioprocessing kinetics and heterogeneity, and identified noise reduction
strategies.
[1] B. L. Wang, A. Ghaderi, H. Zhou, J. Agresti, D. A. Weitz, G. R. Fink, G.
Stephanopoulos, Nature Biotechnology 32, 473 (2014).
[2] J. H. van Heerden, M. T. Wortel, F. J. Bruggeman, J. J. Heijnen,
Y. J. Bollen, R. Planque´, J. Hulshof, T. G. O’Toole, S. A. Wahl, B. Teusink,
Science 343, 6174 (2014).
[3] A. E. Vasdekis, RSC Advances 3, 6343 (2013).
[4] A. E. Vasdekis, G. Stephanopoulos, Metabolic Engineering accepted
(2014).
[5] A. E. Vasdekis, E. A. Scott, S. R. Roke, J. A. Hubbell, D. Psaltis, Annual
Review of Materials Research 43, 283 (2013).
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The Planck radiation equation (PRE), u(l, T)¼ (2phc2/l5)/(e hc/kT l1) was
generalized in [1, 2] by replacing its universal constants and temperature with
free parameters, resulting in the so-called Planckian distribution (PD), i.e., y ¼
(a/(Axþ B)5)/(eb/(Axþ B)1 ). PD has been found to fit data from (i) atomic
physics, (ii) protein folding, (iii) single-molecule enzyme catalysis, (iv) whole-
cell mRNA metabolism, (v) the T-cell receptor gene diversity, (vi) protein
chain-length frequency distribution, (vii) decision-time histograms, (viii)
psilocybin-induced changes in the fMRI signals in human brains, (ix) world-
length frequency distribution in speech, and (x) word-length frequency distri-
butions in texts [2]. There appears to be a common mechanism underlying
many, if not all, of these processes, which has been postulated to be the SID-
TEM-TOF mechanism, or Signal-Induced Deactivation of Thermally Excited
Metastable state leading TO Function. The SID-TEM-TOF mechanism is a
general mechanism to which the molecular mechanisms underlying many
neurobiological processes may belong, as exemplified by (vii), (viii), (ix) and
(x) above. The universal applicability of PD to these various data sets mayalso be attributed to the universal action of the wave-particle duality in living
processes [3], since the first term of PRE and hence of PD reflects the number of
standing waves per unit frequency per unit volume and the second term reflects
the average energy per mode.
References:
[1] Ji, S. (2008). The 100th Statistical Mechanics Conference, Rutgers Univer-
sity, Piscataway, N.J.
[2] Ji, S. (2012). Molecular Theory of the Living Cell: Concepts, Molecular
Mechanisms, and Biomedical Applications. Springer, New York.
[3] Ji, S. (2014). Planckian Distributions in Molecular Machines and Living
Cells: Evidence for Free Energy Quantization in Biology. Computational and
Structural Biotechnology J. (to appear).
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Thomas Anantharaman, Alex Hastie, Saki Chan, Han Cao.
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We present a rapid genome-wide analysis method based on new NanoChannel
Array technology (IrysTM System) that confines and linearizes individual mol-
ecules of DNA to nearly 85% of their respective contour length. Once confined,
extremely long DNA molecules (100 to 1,000 kilobases) are imaged with a
custom three-color epifluorescence microscope. Genomic DNA is stained
with YOYO and can be labeled specifically at the ‘GCTCTTC’ or ‘CCTCAGC’
sequence with different colored fluorescent probes allowing for each molecule
to have a unique pattern and mapped to its corresponding location in a refer-
ence. By imaging hundreds of gigabases per run, a high-resolution genome
map was assembled de novo from the extremely long single molecules, which
retain the original context and architecture of the genome. This allows for the
cataloging of complex repetitive regions and large-scale rearrangements. The
advantages of genome mapping for rearrangement analysis are demonstrated
here by several examples in which we identify hallmark fusions as well as re-
arrangements from cancer cells.
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Nanostraws: A Nanofabricated Platform for Delivery of Cell-
Impermeable, Synthetic Biomolecules
Alexander Xu1, Peyton Shieh2, Laura Sanman1, Nicholas Melosh1.
1Stanford University, Stanford, CA, USA, 2University of California,
Berkeley, Berkeley, CA, USA.
Many active biomolecules are available to perturb cell function by direct addi-
tion to cell culture media, including receptor ligands and antibodies. As discov-
ered many decades ago, if a mechanism is available to deliver active
biomolecules directly into cells, exponentially more possibilities for cell pertur-
bation exist, especially the option for effecting permanent change in cells by
altering their genome, and the ability to directly perturb the central dogma
by altering mRNA transcription and translation into protein. The majority of
these active biomolecules have similar molecular structure, which led to the
development of delivery vehicles specific for delivering DNA, peptides, and
other classes of molecules. Recently, synthetic biomolecules have been
developed which have hybrid characteristics, often due to the addition of func-
tionality such as fluorescence or tailored binding sites. These synthetic func-
tionalities could represent another exponential leap forward for studying cells
in theory, but these molecules often lack an option for intracellular delivery
due to their hybrid structure, limiting their practical use. Here we show the
use of a microfabricated supported nanotube structure, called nanostraws, to
deliver synthetic biomolecules into cells. We focus on two types of molecules:
synthetic carbohydrates with click chemistry moieties that, when delivered into
cells, can be used to track metabolic pathways, and modified peptides with
active sites that can be used to track enzyme activity. The delivery of these
disparate molecules using the same technique demonstrates the utility of nano-
straws as a non-specific delivery mechanism, capable of delivering synthetic
molecules of diverse structure.
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The cis diammine dichloroplatinum (II) (cisplatin), FDA approved for treat-
ment of testicular cancer in 1978, represents the current paradigm in transition
metal based chemotherapy agents. Cisplatin and various analogs have now
emerged as significant antineoplastic chemotherapy agents towards a wide
range of solid tumors cancers. The (NH3)2(H2O)2 Pt(II) complex binds to
